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Tics are quick and repetitive movements or sounds that happen to people at unpredictable times and are a common side effect
of autism spectrum disorder. Their unpredictable nature makes tics interruptions in the lives of those affected. This study uses
machine learning, artificial intelligence, and Python coding to predict when tics in these individuals are going to happen. This
research uses synthetic data to create analysis data and produce a model with the highest accuracy of predicting tics. The data
was analyzed and checked for correspondences between factors that may affect when tics occur, such as stress, boredom, and
anxiety. Through this analysis, the two factors most closely related to tics occurring were used to create the accuracy model.
In this study, the data was fine-tuned using three hyperparameter methods: Logistic Regression, Decision Trees, and K Nearest
Neighbor. These refined the data and contributed to creating a more accurate model. The final model produced an accuracy of
98% using hyperparameter methods, which indicates that this model can predict when tics are going to occur at a rate of about
98%.

Introduction

Tics, or the quick and repetitive movements or sounds that
happen at unpredictable times, are a common side effect of
the autism spectrum disorder. These side effects heavily im-
pact daily life and social situations through interruptions in
interactions, focus, and learning1,2. They can be triggered by
changes in environments, stress, and even other simple fac-
tors such as strong emotions, and are notoriously difficult to
anticipate3,4. If the onset of a tic can be predicted using new
techniques, an alert can be created to enable the affected per-
son to manage the interruption. Automatic detection and pre-
diction of tics using machine learning has emerged in recent
years as a promising tool for healthcare. Most prior work done
in this field has focused on the Tourette Syndrome population
and has demonstrated that machine learning models can de-
tect tic events with reasonable precision, although they are
typically in constrained settings5. To complement machine
learning systems, inertial measurement units and electromyo-
graphy have been used to distinguish tics from voluntary mo-
tion6, as well as sensor-based platforms to track movement7,8.
However, several important gaps remain. First, few studies
consider individuals with autism who exhibit tic-like behav-
iors and are focused on other disabilities, including tics in
their symptoms, meaning that existing models may not gener-
alize to the specific movement patterns and variability of these
populations9,10. Second, most prior work addresses detection,
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and not prediction, which is a critical difference in the future
of this field and new systems8,11. Additionally, the existing
studies are focused on using the autism patients’ data without
performing data transformation techniques, which may result
in a decrease in the models’ performance. Therefore, the fol-
lowing study is mainly focused on improving the accuracy by
performing data preprocessing techniques. The main objec-
tives of this study include predicting tics in autism patients us-
ing machine learning algorithms and improving the accuracy
of tic prediction using data transformation techniques.

Paper Organization

This paper is organized into five main sections. Section 1 sum-
marizes the research problem and paper conclusions and find-
ings into an abstract, mentioning the methods used to analyze
and filter the data into a model. Section 2 presents the In-
troduction and Background sections, which outline a review
of existing research and discuss the gaps in this field, and
how this paper fits into working towards solving this issue.
Section 3 details the methodology used in the research pro-
cess, describing the process of creating and analyzing syn-
thetic data and numerous factors (such as stress and boredom),
and the application of three machine learning models that are
commonly used in predictive analysis12,13. These models are
meant to improve the predictive analysis accuracy through hy-
perparameter tuning. Section 4 discusses the results, present-
ing the model’s performance and the model accuracy achieved
through the process. Finally, Section 5 provides the discussion
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and conclusion, which summarize key findings and reflect on
the broader implications of the study. This section also exam-
ines the study’s limitations, including the use of synthetic data
and constraints that affect real-world reliability when validat-
ing this type of approach1.

Background

Behavioral tics in individuals with autism can be detected
and predicted through machine learning approaches (ML)
in artificial intelligence (AI) techniques. Machine learning
aims to teach a computing machine how to use detected pat-
terns in data that represent some phenomenon and has been
used to classify, predict, and forecast outcomes in autism re-
search12,13.

In May of 2023, Nele Sophie Brügge and Gesine Marie Sal-
landt conducted research that used AI to predict tics in people
with Tourette’s Syndrome14. Similarly, this research posits
that a model using supervised learning, a type of machine
learning wherein the machine is trained by a human using
known data to analyze patterns and correlations, can predict
tics in people with Autism with precision and accuracy. Such
a model can be used in a device that can predict when a tic is
about to occur, alert the person, and play a part in helping the
community that suffers from tics, as shown by recent monitor-
ing system studies8,11.

Through supervised learning, algorithms have the potential
to analyze trained data and accurately predict if the factor is
related to tics and the frequency of tics in individuals with
autism. Furthermore, the following research tests the hypoth-
esis using algorithms such as Logistic Regression, Decision
Trees, and K Nearest Neighbor to maximize the accuracy of
the model. These algorithms have increasingly been used in
predictive modeling and short-term outcome predictions12,13.

Methods

The UK National Health Society3 states that “Tics can happen
randomly and they may be associated with something such as
stress, anxiety, tiredness, excitement, or happiness.” Similar
patterns have also been documented in studies focusing on
autism and behavior studies1,2. To decipher which triggers
were most heavily impacting those with autism, all the factors
were assigned a numeric value for comparison. The data used
in this research is synthetic and serves the purpose of testing
the utility of ML models to prove this hypothesis, which is a
common strategy used in trials and research when obtaining
real datasets is unethical1,15.

In selecting features for analysis, this study focuses on fac-
tors that are commonly associated with the onset of tics in
individuals with autism, such as stress, boredom, and anxi-

ety. These variables were chosen based on prior research link-
ing emotional or environmental factors to increased tic activity
amongst individuals4,16,17. By incorporating these factors, the
model aimed to capture the most realistic behavioral patterns
it could. A synthetic data set was created to resemble real-
world data and included many of the correlated factors. Some
of the factors are known to be not causally related to tic on-
sets. Using Python coding and built-in libraries, the data were
first organized and refined to ensure accuracy and relevance.
In its initial stage, irrelevant features from the data were fil-
tered out under a supervised mode to focus on the factors that
were potentially influencing tic occurrences, following stan-
dard preprocessing methods in machine learning research9,12.
Variables such as height, zip code, parental status, employ-
ment, and college education were excluded because they were
not expected to have a meaningful relationship with tic fre-
quency or intensity. This filtering process improved efficiency
and data integrity by preventing unrelated variables from in-
fluencing results. Duplicate entries were also weeded out to
produce the highest-quality data set suitable for analysis.

The remaining relevant data were transformed into a binary
format using Python’s data transformation methods. Each
variable was ended as either 0 or 1, representing the pres-
ence or absence of an influence on tic occurrence. This struc-
ture made for an easier comparison and compatibility with
machine learning algorithms, particularly those that relied on
classification models12,13. Continuous variables such as age
were maintained in their numerical form. As noted in the la-
bels below, Figure 1 illustrates the data before transformation,
with values being either 1 or 2. Figure 2 shows the trans-
formed data, with values of either zero or one, which pro-
vides a simpler way of comparing the feature values with each
other. After preprocessing, the data were divided into numer-
ous steps to enable accurate model evaluations. Logistic Re-
gression, Decision Tree, and K-Nearest Neighbor were im-
plemented to identify parents and predict the likelihood of tic
occurrence. Lastly, hyperparameter tuning was applied to op-
timize each model’s performance, allowing the most accurate
prediction of when tics would occur9,18,19.

Finally, to decipher the correlation between pairs of factors,
the Python “corr()” method was used. Any two factors pro-
ducing correlation values closer to 1 were determined to be the
most correlated with the onset of tics, staying consistent with
previous statistical approaches used with autism studies9,17.

This research utilized three methods to conduct a more re-
fined analysis: Logistic Regression, Decision Trees, and K-
Nearest Neighbor. Logistic Regression is a statistical model
that predicts probability using independent variables, in this
case, the factors that affect tics in people with autism, and
therefore may be an appropriate method for predicting when
tics are about to occur. Decision Trees split data by using a
large node, a basic unit of data structure, which represents
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Fig. 1: Factor values before transformation

whether the person is experiencing autistic tics. All the data
related to the factors is distributed into smaller nodes to deci-
pher correlation patterns between the larger and smaller nodes.
The trees efficiently made the data clear and organized for
the model to analyze and produce a high accuracy percentage.
Lastly, K Nearest Neighbor is a method for classification and
regression that uses the proximity of factors with the onset of
tics to analyze patterns. This method works for this research
because it can use the proximity of the factors and improve the
model’s accuracy.

Results and Analysis

The best way to present the correlation between factors af-
fecting mood or health, and whether or not they had tics,
was through comparative charts that demonstrated correla-
tions. Visual graphs and correlation maps have been widely
used for machine learning studies for a better interpretation
of model behavior10,18. For example, Figure 3 below shows
the correlation between tics and wheezing. As shown by the
legend at the top left, blue (0, no) shows no autistic tics, and
orange (1, yes) shows having tics. This graph represents two
separate groups, wheezing and having autistic tics, and will
demonstrate if there is a correlation between the two factors.
The two bars on the right represent the people who wheeze
compared. The graph shows how a larger percentage of autis-
tic people who wheeze also have tics, confirming some corre-
lation between the two factors.

For data that could not be categorized into yes (1) and no
(0), such as age, a new method was created with different pa-
rameters to properly display the data according to value. The
correlation graph for age and tics, Figure 4, is shown below,

with age on the x-axis and correlation on the y-axis, with blue
(0, no) showing no autistic tics, and orange (1, yes) showing
having tics. This is an example of a feature that shows no
apparent correlation, as all age groups from 8 to 70 had cer-
tain individuals with tics and some without. Based on this
information, age does not correlate with tics. This outcome is
consistent with autism prediction research, which shows that
behavioral and contextual features are more informative than
demographic variables when modeling outcomes13,20.

After modifying parameters such as the dimensions for the
graph, sample size of the data being used, and the number of
iterations the code goes through, the same process was used
for the analysis of all the factors in the data set using the same
code. Since the individual graphs were complete, a correlation
map was made to provide an overview of the results collected
thus far. The graph uses colors and a color scale, with blue
representing a low correlation and pink representing a high
correlation, to represent which correlation was the strongest.
Figure 5 below shows the full correlation chart and displays
how the highest correlation values are between boredom and
anxiety, as shown by the pink squares at the intersections of
these factors. This information made it clear what the most
prominent and highly correlated factors are and how they can
be used to analyze when tics are about to happen. Clinical re-
search similarly shows how emotional and stressful situations
tend to enhance tic behavior21,22.

After refining and analyzing visual data, the data had to be
split and tuned to get the accuracy of the model as high as
possible. Multiple methods of data analysis were utilized to
do this.

Logistic Regression, Decision Trees, and K-nearest neigh-
bor all need hyperparameters, i.e., preset configuration vari-
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Fig. 2: Factor Values After Transformation.

Fig. 3: Comparison of Autistic Tics and Wheezing in Individ-
uals.

ables that are used to manage machine model training. Hy-
perparameters helped in fine-tuning the analysis, i.e., the pro-
cess of tweaking model performance to produce optimal re-
sults. This process varies for the different methods and can be
performed by setting parameters within the Python code. For
example, Figure 6 below shows the code for the logistic re-
gression model analysis. The parameters shown for the model
all contribute to making the model more accurate. Machine
learning methods such as preprocessing, feature selection, and
hyperparameter tuning have been shown to improve classifica-
tion reliability7.

Fig. 4: Comparison of Autistic Tics and Age in Individuals

Discussion

This study demonstrates that machine learning techniques ap-
plied to synthetic data can predict tic occurrences in individ-
uals with autism. The final model achieved an accuracy of
98%, identifying stress and boredom as significant predictive
factors. These findings align with existing literature, which
has highlighted the challenges of predicting tics in people
with autism due to the need for larger datasets and an ethi-
cal dilemma in collecting personal data from such individu-
als. A systematic review on prediction in autism emphasized
the variability in predictive learning among these individuals,
suggesting that personalized approaches are needed for future
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Fig. 5: Factors Affecting When Tics Occur Correlation Chart.

accurate predictions20. While the use of synthetic data allows
for controlled experimentation, it introduces many limitations.
Previous studies have noted that performance can degrade due
to errors in uncurated training data. A study done on a hybrid
learning approach for detecting autism demonstrated that data
augmentation strategies can produce synthetic datasets needed
for training machine learning models15. Additionally, the re-
liance on synthetic data stops models from capturing the full
complexity of real-world scenarios and environmental or per-
sonal factors that can alter a dataset. Despite such limitations,
the predictive factors included in this study are consistent with
clinical observations, suggesting that this machine learning
model does have practical relevance. For example, a study
from 2010 found that nearly 50% of children with typical
development signs had obsessive-compulsive behaviors that
indicated tic-related behaviors16. However, validating these
findings in the future requires a broader range of predictive
factors and testing their performance across multiple profiles.
Although this research explores autism-specific tics, tics are
not confined to only autism, as people with Tourette’s Syn-
drome and ADHD also suffer from them. An article by the
National Library of Medicine, Childhood Predictors of Tics
in Tourette’s Disorder17, states that childhood tic severity has
frequently been found to predict tic severity in late adoles-
cence or adulthood. This shows that although the model is not
the same across different types of tics, this research can poten-
tially detect tics in people with various disabilities. This re-
search solely proposes a predictive model, and for it to be im-

plemented in a device for use, further research is required. On-
going efforts to recruit participants for AI-based tic research
shows both growing interest in predictive analysis but also the
challenge of acquiring ethical and real-world data for valida-
tion23. Finally, it should be mentioned that in this study, accu-
racy was selected as a primary evaluation metric because the
goal was to classify whether a tic would occur or not, rather
than to predict continuous values such as tic duration or inten-
sity. Since the output variable was 0 or 1, classification-based
evaluation methods were most appropriate. Metrics such as
RMSE, MAE, and MSE are typically applied to regression
models that work to assess prediction errors, whereas accu-
racy gives a direct representation of the proportion of correct
classifications made by the model. This makes accuracy a
more intuitive and relevant measure for this paper. Further-
more, similar approaches have been used in prior research on
tic detection and movement classification, where accuracy was
preferred for evaluating classification results. For instance, the
Wearable-Sensor-Based Platform for Gesture Recognition of
Autism Spectrum Disorder Children Using Machine Learning
Algorithms7 relies on accuracy to assess the model’s reliabil-
ity, emphasizing an easier interpretation over complex error
metrics.
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